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Abstract—This paper proposes a low-profile and highly effi-
cient endfire radiating travelling-wave antenna based on spoof
surface plasmon polaritons (SSPPs) transmission line. The aper-
ture is approximately 0.32λ0 × 0.01λ0 where λ0 is the space
wavelength at the operational frequency 8 GHz. This antenna
provides an endfire radiation beam within 7.5-8.5 GHz. The
maximum gain and total efficiency reaches 9.2 dBi and 96%,
respectively. In addition to the endfire operation, it also provides
a beam scanning functionality within 9-12 GHz. Measurement
results are finally given to validate the proposed SSPPs antenna.
I. INTRODUCTION
Surface plasmons (SPs) are coherent electron oscillations at
a metal-dielectric interface at optical frequencies [1]. When
SPs are coupled with EM waves (photons), the hybrid excita-
tion is called surface plasmon polaritons (SPPs). So SPPs have
both the charge oscillations in the metal and the evanescent
EM waves in the dielectric. Although SPs and SPPs were
discovered at optical frequencies, they have close connections
with the surface waves at radio and microwave frequencies,
i.e. Zenneck wave [2], Sommerfeld wave [3] and Goubau
line [4]. In 2004, Pendry et al. demonstrated a similar surface
plasmonic phenomenon, known as spoof surface plasmon
polaritons (SSPPs), at microwave frequencies [5]. Since then,
SSPPs have attracted great attentions in the microwave com-
munity.
Owing to the groundless structure and strong field confine-
ment in a subwavelength scale, SSPPs are good candidates for
high-density integrated circuits and components at millimeter-
wave and Terahertz frequencies [6]. Extensive explorations
and researches have been conducted in this area, including
transition structures using coplanar waveguide (CPW) or mi-
crostrip line [7]–[10], filters [11]–[13], amplifiers [14], power
splitters [15], and antennas [16]–[23].
SSPPs support transversal magnetic (TM) surface waves,
which are slow-wave bounded modes that do not radiate
due to the phase mismatch with the free space. In order to
excite a radiation into the free space, one either uses tapering
structures (mimicking horn antennas), or loads resonating
elements (mimicking resonant antennas) or employs periodic
modulations (mimicking non-resonant leaky-wave antennas).
In [16], a flaring metal structure is used for impedance
matching with the free space to achieve a wideband antenna.
In [17], [18], SSPPs loaded with circular patch arrays are
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Fig. 1. Configuration of the proposed SSPPs endfire antenna.
reported for high gain and wideband operations. In [19],
SSPPs with periodic profile modulations, inspired by phase-
gradient metasurface, are proposed to design travelling-wave
leaky-wave antennas. These leaky-wave antennas are capable
of beam scanning in the whole space, but suffer from an
efficiency degradation at the broadside. To overcome this
problem, asymmetrical profile modulations are proposed for
continuous scanning through broadside [20]. A single-layer
SSPPs meader line is also proposed for achieving a consistant
gain in the beam scanning [22]. In addition to the leaky-
wave antennas applications, SSPPs are also used to excite
the fundamental horizontally polarized mode of dielectric
resonator antennas [21].
All the SSPPs leaky-wave antennas reported to date only
steer the beam around the broadside, and very few studies
have been dedicated to endfire radiations except the one in [23]
where SSPPs-fed dipole-like antenna was designed for endfire
radiations. However, this endfire antenna exhibit a narrow
frequency band due to the resonant nature of the dipole-like
radiator. In this paper, we propose a travelling-wave endfire
antenna using SSPPs structure. Due to the travelling-wave
nature, it exhibit a wide operational frequency band. The sub-
wavelength field confinement and single layer feature of SSPPs
also lead to the low-profile nature of this antenna. Furthermore,
it exhibits both endfire radiation and beam scanning capability,
enabling it to be a multi-functional antenna.
II. PRINCIPLE
The configuration of the proposed SSPPs endfire antenna is
shown in Fig. 1. It is composed of three main parts including
transition, guiding area and tapering area. A transition from
coplanar waveguide (CPW) to SSPPs is empolyed for mode
conversion and impedance matching. The SSPPs transmission
line in the guiding area supports a bounded surface-wave
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Fig. 2. Dispersion curve of the unit cell in the guiding part of the antenna
in Fig. 1 (g = 1 mm, h = 12 mm, p = 6 mm).
mode, which radiates at the end of a tapering SSPPs transmis-
sion line. The tapering SSPPs line provides a better impedance
matching with the free space and hence significantly sup-
presses the reflection from the end. The antenna is printed
on a Rogers Duroid 5880 substrate (ǫr = 2.2, tan δ = 0.0009)
with thickness t = 0.5 mm. The dimensions are w = 30 mm,
L = 107 mm, a = 12 mm, g = 1 mm, h = 12 mm, p = 6
mm, d = 4 mm, and T = 42 mm. The effective aperture of
this endfire antenna is a×t = 12 mm×0.5 mm, approximately
0.32λ0 × 0.01λ0 where λ0 is the space wavelength at the
operational frequency 8 GHz.
The traveling-wave endfire antennas have two design guide-
lines [24]. Firstly, the dominant mode should be a bounded
slow-wave mode so that the guided wave does not leak out
until the end. Secondly, the phase velocity should be close to
the light speed in the air so that the guided wave can smoothly
radiate out at the end. Equivalently, the dispersion curve should
stay below the air line within a short distance. Fig. 2 shows
the dispersion curve of the unit cell in the guiding part of the
proposed antenna in Fig. 1. It is analysed by enforcing periodic
boundary conditions (PBC) on both sides of the unit cell and is
computed using Eigenmode Solver of CST Microwave Studio.
Note that, the dominant mode is a bounded slow-wave mode
and the dispersion curve can be tuned by changing the groove
depth d. In our case (d = 4 mm), the dispersion curve around
8 GHz is closely below the air line, which satisfies the design
guidelines in [24]. The parameter d = 4 mm is an optimum
dimension for the maximum radiation gain at 8 GHz, which
will be illustrated in the forthcoming paragraph.
Fig. 3 shows the electric field distribution along the antenna
and at different cross-sections. From the distributions it is
observed that the field is well confined and guided by the
SSPPs line, satisfying the endfire radiaiton requirement. It is
also observed that the field at the end is similar to that of
a dipole and the effect of the tapered end is similar to the
directing parasitic conductors in a yagi dipole antenna. The
3D radiation pattern for the proposed SSPPs travelling-wave
endfire antenna is shown in Fig. 4. It can be clearly seen from
this pattern that the antenna generates an endfire radiation
beam at 8 GHz. Fig. 5 shows the endfire gains for different
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Fig. 3. Electric field distribution at 8 GHz.
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Fig. 4. 3-D radiation pattern of the SSPPs antenna at 8 GHz (in linear scale).
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Fig. 5. Peak gain versus (a) different groove depth d (b) and overall length
L/λ0 (g = 1 mm, h = 12 mm, p = 6 mm).
groove depths and overall lengths. As d gradually increases,
the peak gain increases until d = 4 mm (corresponding to a
peak gain of 9.2 dBi) and then decreases. One may explain
this using the two design guidelines in [24]. On one hand, as
d increases, the dispersion curve moves toward the air line,
as shown in Fig. 2, leading to a better phase matching with
the free space for radiation at the end and hence an increasing
gain. On the other hand, as d further increases after some point,
the field confinement capability of the SSPPs transmission line
gets poor, leading to a decreasing gain. Therefore, there is
an optimum groove depth (in our case d = 4 mm) once the
operational frequency and other dimensions are fixed. Note
from Fig. 5(b) that, as the overall L increases, the peak gain
increases and then saturates after L = 3λ0 where λ0 is the
space wavelength at 8 GHz. Therefore, the optimum antenna
length should be around 3λ0.
The tapering end in the antenna generally offers a better
impedance matching with the free space and hence suppresses
the reflection. Fig. 6 compares the reflections of the antennas
with and without the tapering end. Note that, with the tapering
end, the reflections are suppressed below −10 dB within a
wide frequency band from 6.5 GHz to 11.5 GHz. In contrast,
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Fig. 6. Reflections comparison of the endfire SSPPs antenna with and without
the tapering end.
the reflection without the tapering end is relatively poor.
III. EXPERIMENTAL VALIDATION
To experimentally verify the proposed SSPPs endfire an-
tenna in Fig. 1, we fabricate the prototype, as shown in
Fig. 7. The reflection response is measured in an Agilent
vector network analyzer E5051A, and the radiation pattern
is measured using Satimo Starlab. Fig. 8 shows the measured
and simulated reflection responses, which agree well with each
other. The measured reflection is suppressed below −10 dB
within 6-11.5 GHz, which is even better than the simulated
one. Fig. 9 shows the measured radiation patterns at 7.5 GHz, 8
GHz, and 8.5 GHz, respectively. Note that, they are all endfire
radiations at xy-plane and almost omnidirectional radiations at
yz-plane. The proposed SSPPs antenna operates as an endfire
antenna within the frequency range from 7.5 GHz to 8.5
GHz. Fig. 10 plots the peak gains and the total efficiencies
within 7.5-8.5 GHz. The total gain varies from 7.5 dBi to 9.2
dBi, with a maximum value of 9.2 dBi at 8 GHz. The total
efficiency is almost constant, around 96%, within the whole
endfire frequency range.
In addition to the endfire radiation within 7.5-8.5 GHz,
the proposed SSPPs antenna also exhibits beam scanning
functionality at other frequencies. Fig. 11 shows the scanning
radiation patterns at 9 GHz, 10 GHz and 12 GHz, respectively.
Note that, the radiation beam scanns between −35◦ and 50◦
around the endfire direction (0◦) within the frequency range
from 9 GHz to 12 GHz. This is possibly attributed to the leaky-
mode excited at higher frequencies. In summary, the proposed
SSPPs antenna can operate as a multi-functional antenna at
different frequencies.
IV. CONCLUSIONS
This paper has presented a low-profile and efficient SSPPs
endfire antenna. This antenna has been successfully used to
generated an endfire radiation within 7.5-8.5 GHz. A high
efficiency of about 96 percent and a peak gain of 9.2 dBi
has been obtained with this antenna. Ease of fabrication, low
profile, minimized aperture and high efficiency rendered this
antenna highly suitable for endfire applications.
g = 1, d = 4, h = 12, p = 2.5, a = 12, w = 30
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Fig. 7. Fabricated prototype of the proposed SSPPs endfire antenna.
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Fig. 8. Measured and simulated reflection responses of the SSPPs antenna.
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